Sorghum is cultivated all over the world to satisfy the needs of food, feed, fiber, and industrial raw material. It is moderately tolerant to salinity and drought stress. The use of salt-tolerant varieties is one best way to increase plant productivity in saline soils. Present research work was planned to determine the effect of NaCl on four sorghum genotyes (two salt tolerant, i.e., Sandalbar and JS-2002; two salt sensitive, i.e., Noor and FJ-115). Data indicated that salt stress adversely affected the magnesium and phophorus contents in shoots and roots of all the four genotypes. Maximum magnesium and phosphorus accumulation were recorded in Sandalbar genotype, followed by Noor and the minimum occurred in the JS-2002 and FJ-115 sorghum genotypes in the case of shoots. The number of panicles/plant, grain weight/panicle, 1,000-grain weight, and grain yield/plant was also reduced by the NaCl stress. The maximum number of panicles and grain weight per panicle was obtained in Sandalbar (2.13), followed by JS-2002 (2.0) and the minimum number of panicles was present in FJ-115 (1.96) under saline stress. The maximum 1,000-grain weight decline was calculated in FJ-115 (69.3%), followed by Noor (46%) and the least decrease was noted in Sandalbar (15.2%), followed by JS-2002 (19.4%) in sorghum genotypes. However, the effect of salt stress was less prominent on salt tolerant genotypes as compared to saltsensitive ones in all these yield components. It was concluded that Sandalbar sorghum genotype has a potential to be developed for seed and for biomass production at salinity stressed areas.
INTRODUCTION
Salinity is a major threat to plant growth, development, and overall plant productivity [1] . Saline soils are increasing very rapidly, which cause the main hindrance to crop production worldwide [2] . Additions of toxic salts in the water lower the osmotic potential of water that leads to water shortage and less absorption of water by roots and ultimately causes the development of osmotic stress. Osmotic stress results in the disturbance of physiological and biochemical response of plants and adversely affect the plant development, yield, and production [3] . Growth and yield reduction of plants is a serious threat in salinity hit-areas. More than 800 million hectare of soils all over the world is salt affected [4] . Salt stress is associated with high uptakes of toxic ions like sodium and chloride, which cause a reduction in the absorption of other minerals and essential nutrients. This also disrupts other normal metabolic processes of plants affecting ultimate growth and yield [5] .
Sorghum (Sorghum bicolor L.) is an important industrial crop that was moderately tolerant of drought and salt stress. It is cultivated in arid and semi-arid areas of the world because of its ability to grow under water limiting conditions. Recent development studies about the genetic mechanism of sorghum showed that it is an important cellulose-providing crop. The cultivation of sorghum in drought and salinity hit areas for food sources is needed to exploit new genotypes of sorghum cultivars. The selection of salt-tolerant sorghum genotypes is the best strategy to increase crop production in saline soils [6] . It has been proved that increased salt tolerance in various crops is a good strategy, which could be applied in salt deteriorated areas of the world to alleviate salinity due to mutagenic nature of salt tolerance genotypes [7] . Keeping in view the above facts, present research work was planned to determine the extent of magnesium and phosphorus ions uptake potential and yield production of four sorghum genotypes under various salinity stress levels to select the best genotype for cultivation at salt-affected areas.
MATERIALS AND METHODS
The experiment was planned to determine the effect of salt stress on ion uptake, yield, and yield components of four sorghum genotypes (Salt tolerant: Sandalbar and JS-2002; Salt sensitive: Noor and FJ-115).
Sorghum Seed Source and Plant Growth Experiment
The seeds of four sorghum genotypes were obtained from Ayub Agricultural Research Institute, Faisalabad, Pakistan. The seeds of four sorghum genotypes were sown in earthen pots with 35 cm in diameter, filled with 10 kg of air-dried river sand under 0 and 100 mM NaCl solutions. Soil pH level was maintained at 7.0 by application of H 2 SO 4 solution with the help of WissenschaftlichTechnische-Werkstätten (WTW) 530 PH meter observations. Experiment was conducted in a completely randomized block design with three replications and repositioned randomly at different times.
Application of Various Levels of NaCl Salinity Stress
The plants were subjected to 0 and 100 mM levels of NaCl salt stress provided by Hoagland's nutrient solution in sand culture for 120 days.
Ion Analyses
The sorghum plants were grown in a greenhouse for 120 days, uprooted, and then oven dried for 7 days to carry out ions analyses. Magnesium and phosphorus ion contents were estimated according to the method of Jackson [8] .
Digestion
The material for digestion was oven dried for 7 days. Wet digestion of dried sorghum plants material was performed according to the method of Wolf [9] . The 0.5 g of dried ground plant material was digested with 5 ml of conc. H 2 SO 4 and 0.5 ml of H 2 O 2 (35%) at 350°C on a hot plate until the digested mixture became colorless. The extract was volumed up to 50 ml in volumetric flasks for determining magnesium and phosphorus ions contents.
Magnesium Ions Determination
Aliquot 0.5 ml was taken in a flask and 1 ml of distilled water was added. The few drops of Eriochrome Black T indicator and 10 drops of ammonia buffer were also added in this flask. The mixture was further titrated against 0.01 N EDTA. Mg + Ca were determined using the following formula:
Reading by the graph Normality (0.01) 1,000
Size of the sample
Amount of Mg was determined by subtracting Ca from Mg + Ca.
Phosphorus Ions Determination
For phosphorus (P) ions content analysis, 2 ml of plant extract was dissolved in 2 ml of Barton's reagent and total volume was made up to 50 ml with distilled water. This mixture was kept for half an hour at room temperature for the development of color. The samples were recorded at 470 nm on a spectrophotometer (Hitachi-20). The concentration of phosphorus was estimated using a standard curve.
Determination of Sorghum Yield Parameters
The yield parameters of four sorghum genotypes that were recorded in this study included (a) number of panicles plant (g), (c) 1,000-grain weight (g), and (d) grain yield plant −1 (g). Number of panicles/plant was recorded from five pre-tagged randomly selected plants. When the various genotypes have attained physiological maturity, the sorghum heads from each pot were cut, sun-dried, threshed, and winnowed manually. The grains were weighed (g) using sensitive balance from the bulk of the seeds of sorghum and adjusted to 13.5% moisture level. Weight of 1,000 seeds of sorghum obtained from 1,000 cleaned seeds.
Statistical Analysis
Analysis of variance (ANOVA) was conducted for all data and differences between means were compared at the 5% level of significance using the Fisher's Protected LSD test. All statistical analyses were performed with software package COSTAT (v.6.3, Cohort software, California) [10] .
RESULTS AND DISCUSSION
The main objective of the present investigation was to estimate the extent of magnesium and phosphorus ions uptake potential and yield parameters of four sorghum genotypes under various salinity stress levels. The effect of salinity stress was also compared between saline and non-saline treatments.
Magnesium Contents in Shoots and Roots
Magnesium contents in shoots and roots showed significantly adverse influence caused by salinity in sorghum genotypes (Table 1 ; Fig. 1a and b) . The highest value was obtained under non-saline conditions and the minimum was recorded under salinity stress medium in all sorghum genotypes. The differences between the genotypes were significant in the shoots (Fig. 1a) , while they did not change in different genotypes with regard to roots (Fig. 1b) . Maximum magnesium accumulation was recorded in Sandalbar genotype, followed by Noor and the minimum was measured in the JS-2002 and FJ-115 sorghum genotypes in the case of shoots. The interaction salinity and genotypes were significant in case of shoots, while non-significant in case of roots for magnesium content. However, in non-saline conditions, the highest value of magnesium content was obtained in Sandalbar genotype, followed by Noor and minimum was recorded in FJ-115, followed by JS-2002.
It was observed that the highest value of magnesium contents was maintained by Sandalbar genotype, followed by JS-2002 under a high level of salinity stress. In contrast, the minimum magnesium contents were obtained in genotype FJ-115, followed by Noor under saline stress (Table 1 ; Fig. 1a and b) . Different ion uptake potential of sorghum varieties to soil salinity stress was caused by genetics variations of sorghum. Many previous studies indicated that salt stress was inversely related to the growth and ions uptake in plants [11] [12] [13] .
Phosphorus Content in Shoots and Roots
Phosphorus (P) content in shoots and roots significantly decreased with the application of NaCl stress in all the genotypes of sorghum (Table 1) . However, P content in roots was found higher than in shoots ( Fig. 1c and d) . The variations among different sorghum genotypes were non-significant for both shoots and roots ( Table 1) . In shoots, maximum P contents were determined in genotypes (Fig. 1d) . The differences among the genotypes in both roots and shoots were significant. Interaction between salinity and genotypes was significant in both cases. Sorghum genotypes Noor and FJ-115 maintained a higher concentration of P in their shoots (Fig. 1) . Minimum P contents were recorded in Sandalbar genotype, followed by JS-2002 in both shoots and roots under non-saline environments. But under salt stress condition, the minimum P concentrations were found in FJ-115, followed by Noor and JS-2002 genotypes. In contrast, the maximum P was recorded in Sandalbar, followed by JS-2002, FJ-115, and Noor genotypes in roots under salt stress. Analysis of variance showed that salinity reduced the P contents in both roots and shoots in all sorghum genotypes. Previous studies reported that soil salt stress increases Mn, Zn, and P contents but decreases Fe and K ion concentrations in plants. Accumulation of Na + with increasing levels of salt stress was accompanied with the reduction in levels of Ca 2+ , Mg
2+
, and K + in leaves [14, 15] .
Effect of Salinity on Yield and Yield Components

Number of panicles per plant
Panicle number per plant is an important yield attribute of sorghum which contributes to grain yield. Crops with higher panicle number could have higher grain yield. Panicle number was significantly influenced by the salinity stress in all sorghum genotypes [16] . Number of panicles was significantly decreased under salt stress as compared to non-saline conditions. The number of panicles per plant differed non-significantly with respect to different sorghum genotypes ( Table 2 ). The interactions between the salinity and genotypes with reference to number of panicles also showed non-significance. The maximum number of panicles was recorded in genotype FJ-115 (3.25), followed by Noor (2.75), JS-2002 (2.65), and Sandalbar (2.61) genotypes of sorghum in non-saline environments (Fig. 2a) . In contrast, the maximum number of panicles was obtained in Sandalbar (2.13), followed by JS-2002 (2.0) and minimum number of panicles was present in FJ-115 (1.96) closely followed by Noor (1.91) genotype under saline conditions (Fig. 2a) . Data regarding number of panicles supported that Sandalbar and JS-2002 showed the best performance in behavior in saline environments than Noor and FJ-115 sorghum genotypes. Salinity decreased the plant productivity in all sorghum genotypes [17, 18] .
Weight of grains per panicle
All the genotypes differed significantly from each other with respect to grain weight of panicles. Salinity caused a negative effect on all sorghum genotypes ( Table 2 ). The highest grain weight was measured in Sandalbar (15.4 g) closely followed by JS-2002 (14.8 g) and minimum grain weight was present in Noor (11.4 g) closely followed by FJ-115 (12.5 g) in sorghum genotypes (Fig. 2b) . The interaction between salinity and genotypes for the weight of grains was also significant. The higher grain weight was gained in FJ-115 (18.2 g) closely followed by Sandalbar (17.1 g) and JS-2002 (16.7 g) and the minimum was in Noor (15.3 g) in sorghum genotypes in the non-saline medium. In contrast, the maximum grain weight was gained in Sandalbar closely followed by JS-2002 and minimum was recorded in FJ-115 closely followed by Noor genotypes of sorghum in salt stress. Soil salinity reduced the yield potential in different crops [19, 20] . The data of this study showed similar conclusions that weight of grains panicle
, number of panicles plant
, grain yield plant −1 , and 1,000-grain weight (Table 2 ; Fig. 2a and b) were reduced at 100 mM NaCl [21] [22] [23] .
Thousand grain weight
It is an important yield determining component and reported to be a genetic trait that is influenced least by environmental factors [24] . The analysis of variance showed that the main effect of salt stress on 1,000-seed weight and that of sorghum genotypes was significant. Salinity adversely reduced the 1,000-grain weight (g) in all four sorghum genotypes and they differed significantly from each other in 1,000-grain weight ( Table 2 ). The maximum 1,000-grain weight was produced in JS-2002 (19.5 g), followed by Sandalbar (18.2 g) and the minimum 1,000-grain weight was obtained in FJ-115, followed by Noor (Fig. 3a) . The interactive effect of salinity and genotypes was also significant and highest 1,000-grain weight was gained by Noor (21.7 g) and JS-2002 (21.6 g), followed by Sandalbar (19.7 g) and FJ-115 (18.6 g) in non-saline environments (Fig. 3a) . However, in saline conditions, the maximum decline in 1,000-grains weight was calculated in FJ-115 (69.3%), followed by Noor (46%). However, for 1,000-grain weight yield component, genotypes Sandalbar (15.2%) and JS-2002 (19.4%) performed better among sorghum genotypes under salt stress. Yield component 1000-grains weight data concluded that salinity is a serious threat to agricultural areas, which reduces the crop yield and plant productivity negatively [3, 8, 12, 14, 25, 26] . The adverse effect of salinity can be tolerated by selection and cultivation of resistant sorghum genotypes in saline areas, highlighting the importance of present investigations.
Grain yield per plant
Grain yield was negatively and significantly influenced by salinity stress (57.3 g) in all sorghum genotypes ( Table 2 ). The interactive effect between salt stress and genotypes were significant in all sorghum genotypes. The highest inhibition was estimated in FJ-115 (78.1%), followed by Noor (66%) and the minimum inhibition was recorded in Sandalbar (36.3%), followed by JS-2002 (42.4%) in sorghum genotypes (Fig. 3b) . Corroborating the results of this study, it is well documented now that salinity restricted crop production, caused stunted growth, and lowered the yield and yield components. Salt stresses are very critical for meeting crop needs and considerable opportunities exist for yield improvement [14] . Plants may tolerate salinity stress to a certain level if salt resistant genotypes were cultivated [15] . It was also determined that salt tolerant lines did not significantly reduce leaf and stem dry weights, while the salt sensitive genotypes significantly reduced yield with elevating level of soil salt stress [27] . Many sorghum genotypes with high genetic potential have proved their ability to tolerate salt effect without a decline in growth and yield components. Usually, salinity induced adverse effects on various physiological and biochemical processes which eventually reduced the growth and yield of plants [3, 5] . Plant tolerance in the rooting medium was found under genetic control and these genetic variations are the fundamental tools for crop improvements [3, 20, 21, [28] [29] [30] .
CONCLUSIONS
The study was conducted to determine the uptake of magnesium, phosphorus contents, yield, and yield components potential of four sorghum genotypes under salt stress conditions. The effect of salt stress was less prominent on salt tolerant genotypes as compared to salt-sensitive ones in ions uptake and all yield components. Sandalbar sorghum genotype showed a great potential to be cultivated for seeds and increased biomass production in salinity stressed areas successfully. The salt tolerant and salt sensitive genotypes can be distinguished and selected on the basis of growth, yield, and overall plant productivity under saline environments. Sorghum showed great potential for genetic variations, which provides a source to be cultivated in salt-affected areas to enhance its productivity. This data might be helpful for further breeding programs in sorghum and other crops as well.
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